Abstract Extracellular adenosine triphosphate (ATP) has profound effects on the cochlea, including an effect on the regulation of the endocochlear potential (EP). Noise-induced release of ATP into the endolymph activates a shunt conductance mediated by P2X 2 receptors in tissues lining the endolymphatic compartment, which reduces the EP and, consequentially, hearing sensitivity. This may be a mechanism of adaptation or protection from high sound levels. As inaction of such a process could contribute to hearing loss, this study examined whether the action of ATP on EP changes with age and noise exposure in the mouse. The EP and the endolymphatic compartment resistance (CoPR) were measured in mice (CBA/CaJ) aged between 3 and 15 months. The EP and CoPR declined slightly with age with an associated small, but significant, reduction in auditory brainstem response thresholds. ATP (100-1,000 μM) microinjected into the endolymphatic compartment caused a dosedependent decline in EP correlated to a similar decrease in CoPR. This was blocked by pyridoxal-phosphate-6-azophenyl-2′,4′-disulfonate, consistent with a P2X 2 receptormediated shunt conductance. There was no substantial difference in the ATP response with age. Noise exposure (octave-band noise 80-100 decibels sound pressure level (dBSPL), 48 h) in young animals induced an upregulation of the P2X 2 receptor expression in the organ of Corti and spiral limbus, most noticeably with the 90-dB exposure. This did not occur in the aged animals except following exposure at 90 dBSPL. The EP response to ATP was muted in the noiseexposed aged animals except following the 90-dB exposure. These findings provide some evidence that the adaptive response of the cochlea to noise may be reduced in older animals, and it is speculated that this could increase their susceptibility to noise-induced injury.
Introduction
Extracellular purines (adenosine triphosphate, ATP) exert a variety of profound effects on the mature and developing cochlea, acting via both P2X and P2Y receptors in sensory, neural and secretory tissues [1] [2] [3] [4] . Purinergic signalling appears to be involved in the regulation of hearing sensitivity under stress conditions, acting via the P2X 2 subtype of the receptor in tissues lining the endolymphatic compartment [2, 5] . There is increasing evidence that ATP is a neuromodulator at the primary synapse between the inner hair cell and auditory afferent neurones [6] and is a neurotransmitter at the type II synapse with the outer hair cells [7] which regulates the generation of spontaneous neural activity in the developing cochlea [8] . ATP acts as a vasoactive signal, regulating cochlear blood flow [9] , and appears to be involved in regulating cochlear mechanics via an action on the Deiters' supporting cells of the auditory sensory organ [10] [11] [12] . There is also recent evidence that ATP may be involved in modulating neurite growth in primary afferent neurones [13] and synaptogenesis of the primary afferent synapse, acting via the P2X 3 receptor, the expression of which closely follows the development and maturation of the synapse in the developing rat and mouse [14, 15] . Intercellular communication between supporting cells of the organ of Corti is regulated by extracellular ATP [16] .
Of all the actions of ATP, the regulation of hearing sensitivity by extracellular ATP in the endolymphatic compartment is the most profound and well defined. Exogenous ATP delivered to the scala media in guinea pigs [5] results in a dose-dependent decrease in the endocochlear potential (EP) which is highly correlated with a decrease in resistance of the endolymphatic compartment (cochlear partition resistance, CoPR). This is due to the action of ATP on the ATP-gated ion channels (P2X 2 receptors) present on the apical surface of hair cells and some supporting cells of the organ of Corti and epithelial cells of Reissner's membrane [17] . This is supported by the attenuation of the response with the application of the broadly selective P2X 2 antagonist pyridoxal-phosphate-6-azophenyl-2′,4′-disulfonate (PPADS) [5] . Activation of these receptors by ATP leads to increased potassium flux through these ion channels, causing cellular depolarisation, and the decreased resistance rapidly reduces the EP. ATP also acts through P2Y receptors on the marginal cells of the stria vascularis to regulate potassium secretion into the endolymph [18] .
It has been proposed that ATP released into the endolymph from cells of the organ of Corti or the stria vascularis, following noise or hypoxia, acts via these P2X receptors on cells lining the endolymphatic compartment to limit hearing sensitivity [2, 5] . This is accomplished by a combined depolarising action on the sensory cells and suppression of the EP to reduce the driving force for sound transduction by hair cells. It is postulated that this purinergic pathway is an adaptive, protective mechanism to enable the cochlea to cope with a broad range of sound levels [2, 4, 5] . Such a mechanism may offer protection, over time, to the sensory cells by reducing their activity under noisy conditions and thus protecting them from damage, for example, from activity-induced free radical exposure. Further evidence in support of this comes from our studies showing increased expression of the P2X 2 receptor subunit in the organ of Corti with extended loud sound exposure (3 days, 90 decibels sound pressure level, dBSPL) [19] and preliminary evidence of a decreased noise-induced temporary threshold shift (TTS) in mice lacking the P2X 2 receptor [20] . The decreased TTS following noise exposure in this case reflects the fact that in the normal mouse, there is an ATP-mediated reduction in sensitivity which manifests as a TTS.
The rationale for this study was to determine if the P2X 2 expression and ATP-mediated changes in EP and CoPR are altered with age and whether noise exposure has the same influence on P2X 2 expression in young and old mice. Previous studies have shown that the action of ATP in other tissues generally declines with age and this is due to a differential change in the expression levels of the P2 receptors [21] [22] [23] [24] [25] [26] [27] . A similar age-related decline in the responsiveness of the cochlea to ATP, and hence a reduction in its putative protective or adaptive influence, may have implications for the development of hearing loss from ageing.
Methods

Animals
Mice (CBA/CaJ strain) of either sex, aged between 3 and 18 months, were used in this study. The majority of animals were studied at 3-6 and 12-15 months of age. Auditory function was assessed using the auditory brainstem response (ABR), the EP and CoPR, and the expression levels of the P2X 2 receptors were determined using immunohistochemistry. Some animals at each age group were also subjected to noise, and the functional, molecular and histological measurements were repeated. All experimental procedures were approved by the University of Auckland Animal Ethics Committee.
ABR recording
Mice were lightly anesthetised with a combination of Ketamine (38 mg/kg) and Domitor (0.5 mg/kg) adminis-tered intraperitoneally. Animals were placed on a thermostatically controlled electric blanket during the ABR recordings, and all measurements were undertaken inside a sound-isolating chamber using TDT System II evoked potentials (Tucker Davis Technologies, USA). The ABR was recorded from subdermal needle electrodes placed at the vertex (reference), base of pinna (active), and base of the contralateral pinna (ground) and attached to a DB4 amplifier. Responses to clicks (alternating polarity square wave stimulus, 10-μs duration) and tone bursts (4, 10, 16, 22, 28 and 32 kHz, 10-ms duration, 1.5-ms rise-fall time, phase alternating) delivered by a closed-field system using an electrostatic loudspeaker (Beyer) were amplified (100,000×) and filtered (100 Hz-3 kHz) and then averaged (1,024 times) before being displayed. At each frequency, the amplitude of the signal was attenuated in 5-dB steps until all the wave I-V complex of the averaged ABR waveforms were no longer distinguishable by eye from background in recorded traces. This was taken as the ABR threshold.
Noise exposure Mice were exposed to different levels of noise (80, 90 and 100 dBSPL, 4.5-to 9-kHz octave band noise) for 48 h (12-h light/dark cycle) in a sound booth. They had free access to food and water during the exposure. Control animals were taken from the animal facility where ambient noise levels were approximately 50-60 dBSPL.
EP and CoPR measurements
Animals were anesthetised with urethane (1.6 g/kg, i.p.) and body temperature was maintained using a thermostatically controlled electric blanket. A tracheotomy was performed and the animal was artificially ventilated with room air. The cochlea was surgically exposed through a ventral approach, and two adjacent holes (40-80 μm in diameter) were made in the bone overlying the scala media of the basal turn to insert glass micropipettes (5-to 7-μm tip diameter) for the EP and CoPR measurements and for current injection (Fig. 1) . Two singlebarrelled glass micropipettes (5-to 10-μm tip diameter) were inserted into the scala media in adjacent holes, one for voltage measurement (EP) and to inject ATP and the other for delivering current. Both the micropipettes were coupled to a Teflon-coated Ag-AgCl wire. Two Tefloncoated Ag-AgCl wires were also inserted in the cervical muscles to serve as ground references for the voltage measurement and current injection. The EP electrode was attached to an amplifier (Grass Instruments, USA), amplified 10× and digitised via a DigiData 1200 series interface (Axon Instruments, USA) and recorded on computer using pClamp software (v8.2, Axon Instruments). To ensure proper positioning of the current micropipette within the scala media, EP was monitored as the pipette was advanced, and once a stable value was obtained, the electrode was connected to the current source. Current was generated by a custom-made constant current stimulator using pClamp software (v8.2, Axon Instruments). Square current pulses (1 μA, 0.5-s duration at 1-s intervals) were continuously applied to the electrode positioned in the scala media and referenced to the ground electrode in neck muscle.
ATP (100 or 1,000 μM) within different volumes of artificial endolymph (20- was injected into the scala media using computer-controlled pressure pulses to produce declines in EP of different magnitudes as described previously [5] . Whilst current pulses were continuously delivered, ATP was injected into the scala media for 4 and 30 s to produce a steady-state reduction in EP (Fig. 1 ). The total amount of ATP applied varied across experiments between 20×10 −13 and 150× 10 −13 mol. Similar volumes of artificial endolymph alone were injected into the scala media to act as controls for volume and pressure effects. Current-induced voltage shifts in EP were measured before, during and after the ATP and control pulses (pClamp software) and used to calculate the CoPR (R = ΔV EP /I). A minimum of three CoPR values were averaged to provide each CoPR data point. The percentage changes in EP and CoPR were calculated relative to the initial EP measurement before the test or control pulses. Because insertion of the multiple electrodes into the scala media caused some tissue damage, which often resulted in lower EP values, only experiments with EP values ≥55 mV were accepted for analysis.
Immunohistochemistry
Mice were euthanised with sodium pentobarbital (90 mg/kg, i.p.) and were perfused endocardially with 4% paraformaldehyde (PFA) in a 0.1 M phosphate buffer (PB, pH 7.4). Both auditory bullae were extracted and opened and then the round and oval windows were punctured for perfusion of fixative. The cochleae were fixed overnight in 4% PFA and then decalcified in 5% ethylenediaminetetraacetic acid disodium salt solution for 7 days. After cryoprotection overnight in 30% sucrose, they were rinsed in 0.1 M buffer PB, snap-frozen in isopentane at −80°C and cryosectioned at 30 μm. Sections were washed three times in 0.1 M phosphatebuffered saline (PBS). They were then incubated in blocking and permeabilising solution for 1 h (PBS with 5% bovine serum albumin, 10% normal horse serum, 1% Triton X-100) and then incubated overnight in anti-P2X 2 rabbit anti-rat antibody (Alomone; 0.3 μg/ml; 1:750 dilution). Following this, they were washed with 0.1 M PBS and incubated for 2 h in Alexa 488 donkey anti-rabbit secondary antibody (2 μg/ml, 1:200 dilution; Invitrogen) in antibody solution (10% normal horse serum, 0.1% Triton X-100 in 0.1 M PBS), washed with 0.1 M PBS and mounted on glass slides with mounting medium (Citifluor). Control sections omitted the primary antibody. Further controls were undertaken using the P2X 2 receptor knockout mice which showed no specific signal. Sections were imaged using an SP2 laser scanning confocal microscope (Leica Leisertechnik, Heidelberg, Germany).
Sections were excited with a 488-nm wavelength argonkrypton laser and image acquisition (emission band-pass 530 nm) controlled by Scanware software (Leica). A series of six to ten optical sections were collected for each specimen at 2 μm, and image analysis was performed on an optical section from the centre of the stack. Immunostaining presented in figures is representative of two to four individual experiments. For semiquantitative analysis of receptor expression (see below), all sections were treated equally and incubated with primary and secondary antibodies for the same time. All sections were then examined using the same microscope settings Analysis Images were analysed using identical acquisition parameters, and immunolabelling was semi-quantified using ImageJ (v.1.38x, NIH, USA). Specific regions in the cochlea (the spiral limbus, organ of Corti, spiral ganglion) were selected as regions of interest (ROI), and the mean pixel intensity was obtained from the immunostaining intensity histograms. Mean pixel intensity of the background in the same image was deducted from the ROI value as background control. For each cochlea, up to six sections were analysed. The mean pixel intensities were averaged per animal, and the final intensity of the cell type of interest per experimental group was expressed as a mean ± SEM (n = 2-4 animals per group).
Statistical analysis was performed using a Student's t test or ANOVA, and an α level of 0.05 was required for significance. Unless otherwise specified, results were expressed as the mean ± SE of the mean.
Results
Effect of age on auditory function (ABR) in CBA mice
Reproducible ABR waveforms were recorded from mice of all ages, and there were no apparent differences in the waveform morphology between the groups (Fig. 2a) . The baseline ABR thresholds (dBSPL) for the click stimulus were significantly greater (p<0.05) in the middle and older age groups (Fig. 2b) . The mean ABR thresholds to tones were also significantly greater in the older age group at frequencies 16 and 22 kHz (p<0.05, Fig 2b) .
Effect of noise on auditory function (ABR)
Auditory thresholds following noise exposure were measured in young animals only within 1 h after the cessation of noise exposure. Exposure to 4.5-to 9-kHz octave band noise for 48 h at 80 dBSPL had a small (5-10 dB) but significant (p<0.01) effect on the ABR thresholds to clicks and pure tones (Fig. 3a, b) . The effect was more profound with the higher level noise (90 and 100 dBSPL) exposures, which increased the average click thresholds by 25 and 45 dB (p<0.001, Fig. 3a) , respectively, and across the frequency range with significant threshold shifts at frequencies from 10 to 28 kHz (p<0.05 and p<0.001, Fig. 3b) . These experiments showed that the range of noise exposures used subsequently in the biophysical analysis of cochlear partition regulation produced titrated threshold shifts.
Changes in EP and CoPR with age and noise exposure Young mice had a mean EP of 123.2±1.5 mV (n=15), which was significantly (8.6%) higher than older mice (12-15months; 112.7±4.4 mV; n=11, p<0.05). The mean baseline CoPR recorded in young mice was also significantly higher (10.8%, p<0.01) than older mice (7.52± 0.13 kΩ; n=17 and 6.71±0.26 kΩ; n=11, respectively). Exposure to broadband noise at each of the levels (80, 90 and 100 dBSPL for 48 h) did not have any observable effect on either the EP or CoPR values within any age group, measured hours later.
Effect of ATP on EP and CoPR
Microinjection of ATP into the scala media caused a fall in both the EP and CoPR of groups of young (3-6 months) Fig. 3 ABR thresholds in response to click stimuli (a) and pure tones (b) in young mice after noise exposure (4.5-9 kHz; 80, 90 and 100 dB SPL, 48 h). Data presented as mean ± SEM; *p<0.05; ***p<0.001; Student's t test Fig. 2 Examples of the ABR waveforms in young and older mice (a) and the ABR thresholds (dBSPL) of CBA/CaJ mice at different ages in response to pure tones (frequency range 4-34 kHz) and auditory clicks (b). Data presented as mean ± SEM; *p<0.05; **p<0.01; Student's t test, comparing against young mice (3-6 months) and older (12-15 months) mice (Fig. 1c) , which was not significantly different across the age groups (Fig. 4a) . Both the EP and CoPR decreased sharply with the microinjection of ATP and then slowly recovered to baseline. As previously described for the guinea pig [5] , these changes in EP and CoPR were blocked by the application of PPADS, a P2X 2 R antagonist, confirming that the ATP effect was P2X 2 R-mediated (pilot studies undertaken on C57/BL6 mice, Table 1 ). There was no significant change in the EP or CoPR with injection of equivalent volumes of artificial endolymph without ATP. The magnitude of the change in EP and CoPR was dose-dependent, and the change in EP was linearly correlated with the fall in CoPR (Fig. 4b) . There was no significant difference in the change in the EP and CoPR in animals across age for the same amount of ATP. However, the slope of the relationship between EP and CoPR was steeper in younger than older animals (Fig. 4b) , indicating that a small change in CoPR related to a larger change in EP for the younger animals.
Noise exposure had different influences on the ATPinduced changes in EP, but no significant effect on the CoPR values across age. For the young animals, there was no significant change in the response to ATP following any level of noise exposure, although a declining response was observed with increasing level of noise exposure (Fig. 5a ). In contrast, older animals showed a significant (p<0.001) reduction in the magnitude of the EP response following both 80-and 100-dBSPL noise exposures, but not after 90 dBSPL. However, there was no correlation with changes in the CoPR (Fig. 5b) .
P2X 2 receptor expression
Immunohistochemistry of sections of the cochlea showed expression of P2X 2 receptor subunits in the organ of Corti, spiral ganglion, spiral limbus region and Reissner's membrane (Fig. 6a) . Within the organ of Corti, expression was confined to the outer hair cells, predominantly the apical pole of the cells and the Deiters' and pillar supporting cells (Fig. 6b) . There was no immunostaining when the primary antibody was omitted (or in P2X 2 knockout mice). Semiquantitative analysis of P2X 2 R intensity of immunolabelling was undertaken in the organ of Corti, spiral ganglion and spiral limbus. We did not quantify the expression in Reissner's membrane because of the variability in the orientation of this tissue in cross-sections. In the young mice, there was an increase in P2X 2 R expression in the spiral limbus and organ of Corti, but no change in the spiral ganglion after noise exposure. The mean staining intensity increased significantly (p<0.01, p<0.001) in the organ of Corti by 50-125%, which was greatest after the 90-dBSPL noise exposure (Fig. 6d) . Older mice showed no increase in the P2X 2 R expression, except at 90-dBSPL exposure which was significant (p<0.01) in the organ of Corti (Fig. 6e) .
Discussion
This study investigated the influence of age and noise on ATP-mediated effects on the endocochlear potential and cochlear compartment resistance as a surrogate measure of P2X 2 R-mediated influences on cochlear function in CBA/ CaJ mice. Firstly, these data confirm that the mouse shows ATP-induced changes in EP which are P2X 2 R-mediated caused a significant increase in the P2X 2 R expression in the organ of Corti in young animals (3-6 months) (d), which was greatest after 90-dBSPL noise. The intensity of P2X 2 R immunostaining was increased in older animals (12-15 months) exposed to noise (E), but only after the 90-dBSPL exposure. Mean ± SEM, **p<0.01, ***p<0.001; oneway ANOVA followed by Student's t test. SG spiral ganglion, SL spiral limbus, OC organ of Corti, IHC inner hair cells, OHC outer hair cells, PC pillar cells, RM Reissner's membrane and correlated with changes in cochlear compartment resistance (CoPR) similar to the guinea pig [5] and rat [28] . The responsiveness of the control (non-noise-exposed) cochlea to exogenous ATP did not change with age. However, with increasing levels of noise exposure, there was an upregulation of P2X 2 R in the organ of Corti and spiral limbus in the young animals which was not apparent in the cochleae of aged animals, except for a small increase after 90-dBSPL exposure. In keeping with this, exogenous ATP had a much smaller influence on the EP of the aged noiseexposed cochlea than younger animals, whilst there was no difference in ATP-mediated reduction in CoPR with age. These data suggest that purinergic signalling pathways in the cochleae of younger animals are more responsive to noise compared to older animals, but this may arise from non-P2X 2 receptor-mediated mechanisms. Overall the P2X 2 receptor pathway, as measured by ΔCoPR, was robust across the ages. The small increase in auditory thresholds as indicated by the ABR in the CBA/CaJ mice with age is in keeping with other studies, and this strain has been shown to maintain hearing well into advanced age [29] . There was a significant, albeit small, drop in the magnitude of EP in older mice, which has also been reported by Ohlemiller and Gagnon [30] . As EP provides a component of the driving force for hair cell transduction, EP magnitude and auditory threshold, as measured by sensitivity of individual spiral ganglion neurons, are intimately correlated [31] . It is possible that the decrease in EP contributes to the observed loss of auditory sensitivity with age, but an age-related physiological effect on sensory tissues and neural pathways cannot be excluded. The EP is reliant on the function of lateral wall tissues as well as the magnitude of the ion conductance in tissues lining the scala media. The EP is thought to be the result of the large positive potential generated in the stria vascularis [32] . A decrease in tissueresistive pathways would be expected to cause a reduction in the EP [33] . Whilst it is not possible to dissect the specific reason for the change in EP with age, a decrease in CoPR would imply that a change in resistive pathways in the tissues lining the endolymphatic space is likely to contribute to the decrease.
Interestingly, exposure to high noise levels of 80, 90 or 100 dBSPL did not have any effect on the baseline EP and CoPR in both young and old mice when measured several hours after the exposure. This is also in keeping with some previous reports that indicate that there is a minimal, chronic change in EP after noise exposure. However, this is in contrast to the transient decline in EP that occurs during the exposure [34] [35] [36] , which probably relates to the opening of the transduction channels and possibly an increase in P2X 2 R activation and decrease in compartment resistance (unpublished observations). However, these changes in EP are small and revert to baseline values within seconds or minutes after termination of the exposure. The more permanent effect of noise on EP has been studied here, and the data are somewhat equivocal. Many studies that have used mild to moderate noise exposures have not been able to record any decrease in EP immediately or soon after noise exposure [37] [38] [39] [40] [41] [42] . In contrast, Ide and Morimitsu [43, 44] reported a significant drop in EP, which recovered to baseline after 5 days following exposure to intense sound (145-dB pure tones, 4 h) in guinea pig.
Another study [45] demonstrated a decline in EP after 20-80 min of exposure to 125-dB white noise. Recently, Ohlemiller [46] reported that the effect of noise on EP in the mouse is strain-specific, which could indicate that the effect of noise on the EP generating mechanism may well be more variable and strain-specific than had been first thought. Notably, all animal models presently known to undergo an age-associated reduction in EP feature an environmental or stochastic component such that at most, half of the subjects exhibit an abnormally low EP at advanced ages. Examples of this include the CBA/CaJ mouse strain used in this study, suggesting considerable variability in individual responses within a strain. A dosedependent decline in the EP with exogenous ATP in the scala media of the mouse confirms previous findings in guinea pig [5] and rat [47] , implying that purinergic regulation of the EP is a generalised phenomenon in rodents and probably other mammals. This is now well established to be the result of activation of an ATPmediated K + shunt conductance through tissues of the cochlear partition (tissues lining the endolymphatic space) and which is confirmed by the decrease in compartment resistance (CoPR) associated with the opening of P2X 2 channels. ATP-gated ion channels composed of P2X 2 subunits have been identified in the epithelial cells of Reissner's membrane [17] , which separates the endolymph of the scala media from the perilymph of the scala vestibuli, the stereocilia and surface of the hair cells, and the surface of supporting cells of the organ of Corti [48] . Recovery of the response to exogenous ATP is due to the rapid metabolism of ATP by ectonucleotidases (NTPDases) [49] [50] [51] . The change in CoPR relative to the change in EP was smaller in mice compared with that observed in guinea pigs [5] .
ATP activation of this shunt conductance is proposed to decrease sound transduction during high sound exposure by reducing EP as well as a direct depolarisation of hair cells [48] . As a consequence, there is a decrease in the hair cell sensitivity and expansion of the hair cell dynamic range, which may lead to sensory adaptation during loud sound exposure as well as protection from noise-induced injury [4, 5, 48] . Expression of P2X 2 R increases with chronic noise exposure in the rat [19] , supporting the view that the ATP-mediated shunt conductance contributes to the adaptation of the cochlea to loud sound or its protection to sound injury. Although caution must be applied to the accuracy of semiquantitative immunohistochemistry analysis, the present study using similar techniques to our previous studies demonstrates that this increase in expression also occurs in the young mouse, which has not been observed previously. However, the increase in expression was substantially muted in older mice across all noise levels. This substantially reduced expression of P2X 2 R was also mirrored by a substantially reduced change in EP in response to exogenous ATP at 80 and 100 dBSPL. However, given that there was no difference in CoPR response to ATP injection into the scala media with age, the decline in EP response to ATP in noise-exposed older mice may arise from changes in other elements of the purinergic signalling complex in the cochlea.
Although there was considerable variability in the responses to ATP across age and with noise exposure among animals in this study, our data suggest that purinergic signalling is enhanced by noise in young animals more than in older animals. Furthermore, this is more significant at lower sound levels than at high levels. The 80-and 90-dB levels were selected to straddle the exposures that produce minimal to temporary changes in hearing sensitivity, whereas the 100-dBSPL exposure should induce some permanent tissue injury. The increase in expression of purinergic signalling with the lower levels of noise may reflect a physiological and protective adaptation which may be suppressed with tissue injury that would occur with the higher level exposures. A similar exposure dependence occurs with both NTPDase [50] and P2X 7 (unpublished observation) upregulation. The fact that P2X 2 R upregulation with noise exposure is very much reduced in older animals suggests an age-dependent pattern of purinergic response to noise stress. The implication of this difference in the purinergic responses between young and old animals is not clear. If the ATP-mediated process contributes to the susceptibility and adaptability of the cochlea to noise, then it could be speculated that older animals would be more susceptible and less adaptable in noise. This lack of adaptation could contribute to the agerelated cochlear injury and hearing loss by making the cochlea "less resistant" to noise exposure.
In summary, this study has demonstrated that ATP signalling in the mouse cochlea is less consistent and robust in the ageing mouse, and this is associated with a reduced upregulation of P2X 2 receptors with noise. Such findings imply that the ageing cochlea may be less adaptive to noise, which could enhance its susceptibility to injury from noise exposure.
The findings prompt a broader consideration of the contribution of related components of the purinergic signalling complex to hearing physiology as the cochlea ages.
